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I. INTRODUCTION. 

A. Army aircraft mishaps are among the highest concerns of Army 
Management. Loss of an aircraft is very expensive in terms of hardware 
as well as personnel costs. The Army invests significant amounts of 
money into training aviators. The Worldwide Aviation Logistics Conference 
(WALC) meets annually at the U.S. Army Aviation Systems Command (USAAVSCOM) 
in St. Louis, Missouri. One of the issues that the WALC addresses is 
Safety. The WALC uses factors to assess probable accident rates for 
proposed flying levels. The Peacetime Replacement Factor (PTRF) relates 
flying hours to the expected number of aircraft losses. The Crash Damage 
(CD) Factor relates flying hours to the expected number of crash damaged 
aircraft. Flying hours are expressed in a per 100,000 basis. Annual 
updates are made to these factors by the Operational Systems Analysis 
Division of the Directorate for Systems and Cost Analysis at AVSCOM. 

B. Army aircraft mishaps are defined by AR385-40 with specific 
dollar thresholds. The Class A accident is the most serious. It involves 
total loss of an aircraft with associated fatalities and/or injuries. 
Class A mishaps have a threshold of $500,000 or greater. Class B 
accidents are defined as those between $100,000 and less than $500,000. 
II. BACKGROUND. Linear Regression analysis has been used successfully 
to generate the PTRF and CD factors for most Army aircraft systems. 
Cumulative flying hours are regressed against cumulative Class A or 
Class B accidents. The Class A accident regression generates the PTRF. 
The Class B accident generates the CD factor. These factors are calculated 
from the regression equation. The slope of the regression line fitted 
to Class A accidents and flying hour data points is the PTRF. The slope 
of the regression line fitted to Class B accidents and flying hour 
data points is the CD factor. AVSCOM Regulation 710-7 requires the 
Directorate for Systems and Cost Analysis to review and provide updates 


to the PuRF factors. 


III. DATA BASE. 

A. DATA SOURCES. 

1. The Fort Rucker Aviation Safety Center is the primary source 
for all data in this study. The Safety Center maintains records on 
Class A, B, C, D and E accidents. They also keep records on injury and 
damage losses. Class A accidents are the most serious because they often 
result in injury and loss of life. 

2. Appendix A contains the data base used in the latest update 
of the Crash Damage (CD) and Peacetime Replacement Factors (PTRF) 
provided to the 1989 WALC Conference. As mentioned before, Class A trends 
drive the PTRF factor and Class B accidents drive the CD factor. The 
Safety Office at AVSCOM provides this data through an electronic link. 
The Safety Office provides data on flying hours for rotary and fixed 
wing aircraft. 

B. MODEL DATA BASE. Data on Class A and B accidents along with 
associated flying hours are input via Statistical Analysis Systems (SAS) 
software to the Scientific and Engineering (S&E) computer system at AVSCOM. 
Data has been collected from 1974 through 1988 and is maintained in a 
SAS file. The SAS programs.used for the linear model is contained in 
Appendix B. Typically, data is input in a free format manner. Variable 
names are assigned to the data elements, i.e., Class. A, Class B, and 
flying hours. Variables are input to the appropriate SAS procedure. 
General Linear Models (GLM) is the procedure used for a iinear regression. 
Non-Linear (NLIN) is the procedure used for fitting a curved line to 


accident and flying hour data points. 


IV. ACCIDENT RATE MODELING. 
A, LINEAR REGRESSION METHODS. 

1. The GLM procedure shown in Appendix B uses a "straight-line" 
fit to minimize the distance of actual data from the fitted line. It 
does this through a least squares method. In general, the GLM procedure 
has been successful in providing an indication of future accident rates. 
There are many variables which play a part in aviation -afety. Some 
of these variables are: 

a. Flying hours. 

b. Maintenance. 

c. Training. 

d. Experience Levels. 
e. Aircraft Complexity. 

2. Flying hours are not necessarily the most important variable. 
However, they are relatively easy to capture for most systems. There 
has been a satisfactory correlation shown between flying hours and 
accident rates. Variables such as training are much harder to capture. 
Aircraft complexity is hard to quantify. Maintenance is somewhat more 
difficult to capture than flying hours. This is an area that should 
be investigated further. It may be possible to model accident rates 
with a multiple regression analysis model. This approach would be a 
logical next step to further refine the present technique. Currently, 
flying hours are used as an independent variable. Accident rates, i.e., 


Class A and Class B are the dependent variables. 


B. UH-1 LINEAR RESULTS. 

1. Figure 4.1 contains a plot of the UH-1 cumulative Class A 
accidents versus cumulative flying hours. The general model that generates 
the straight line fit is plotted with the asterisks. ‘The equation of 
the linear model is: 

Y= a+ bx 


where: Y = Cumulative Numbers of Class A or B Accidents 
(Calculated Value) 


b = Slope of the Line (Units of Accidents/Units of 
flying hours) 
This is the Crash Damage factor for Class B accidents 
and the Peacetime Replacement Factor for Class A accidents 
X = Cumulative Number of Flying Hours 
2. The SAS output listings for the UH-1 and the other aircraft 
studied are in Appendix B. The listing for the UH-1 shows that it had 
an R-squared statistic of .935 for the Peacetime Replacement Fa yor and 
an F Value of 159,23. The R-Square is calculated by dividing the sum 
of squares for the model by the corrected total. The corrected total 
is the sum of the model sum of squares and the error sum of squares. 
Since the calculated value of F exceeds the table value at a 95% 


confidence level, the linear model's fit is significant at that 


confidence level. 
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C. NON-LINEAR REGRESSION METHODS. 
1. Class A or B accident rate data that did not lend itself 
to the linear methods was input to a non-linear model. The SAS procedure 
used for this approach is NLIN. Appendix contains the program listing 
for those aircraft with data that did not fit the linear model well. 
2. The following aircraft were modeled with a non-linear 
regression equation: 
OH-6A UH-1 (all models except H) 
OH-58 (A,B&C Models) UH-1H 
TH-55 
3. The NLIN procedure requires the user to input a hypothesized 
model, The first derivative of each constant in the model must also 
be specified. A typical model used was a "Cubic" equation. The 
Cubic equation is so named because the largest exponential term in the 


model is of degree 3. The general form of the model used in this study was: 


A = BO(H)? - B1(H)2 + B2(H) - B3 
where: BO, Bl, B2 & B3 = Constant Coefficients generated by the SAS Model 
A = Number of Cumulative Class A or B Accidents 
H = Number of Cumulative Flight Hours 
4. Figare 5.1 contains an example of a non-linear regression model 
applied to the UH-1 Class B Data Base. Non-linear equations are contained 
in Table 1 for the UH-1, UH-1H, OH-58, OH-6 and the TH-55 aircraft. 
These are all cubic equations that have been fit with the SAS NLIN procedure. 
This type of equation will have a number of minimum and maximum points 
equal to one less than the power of the equation. For example, a cubic 


equation will always produce two minimum/maximum points. 
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D. NON-LINEAR REGRESSION METHODS. Since a non-linear curve fit 
is not a straight line the slope is not a constant. This makes it 
impossible to generate a replacement or crash damage factor directly 
from the regression equation. Therefore, another approach is to use 
the area of the curve which is the “high" point or maximum for the range 
of data being studie?. This is commonly known as the local maximum. 
The first derivative solution of the non-linear equation will give the 
points where the slope of the curve equals zero. Two of these points 
are locations on the curve where the minimum and maximum points will occur. 
The high point of the fitted curve would give a relative maximum area 
in which to find a point slope factor. The point slope factor will be 
the slope cf a straight line which touches the curve at the point where 
the curve changes from an increasing to a decreasing slope. This point 
is also known as the point of inflection. It is found by taking the 


seccnéd derivation of the curve function and setting it equal to zero. 


TABIE i 


NON-LINEAR MODELS 


AIRCRAFT MODEL R? _F. 
uk- 1H} B =~.0279(H)3+.27(H)2-.0295(H)~.751 960 23.7 
UR-1H A =-,0C004(H)3+.008(H)2+.0€375(H)+4.311 956 26€.8 
OE-6A A =-,1218(H)3+.856(H)2-1.332(H)+.449 931 13.56 
OF -5§2 A =-,00013(H)3+, 0029(H)2-.1028(H)+.2599 959 23.36 
TH-55 A = .07974(H)3~-1.715(H)2+11.776(H)+5.619 .9595 2210.6 


FOCINOTES: 1/ Includes all models except UH-1H. 


2/ Includes A, B, & C Models. 


V. NON-LINEAR MODELING RESULTS. 

A. GENERAL. The aircraft systems shown in Table 2 were modeled 
using the non-linear approach described in Section IV of this report. 
In general, there was an improvement observed in the fit of the non-linear 
versus the linear model. Table 2 also shows the R-squared value with 
the linear and with the non-linear methods. Table 2 also contains the 
point slope factor that was generated by the non-linear method. The 
R-squared values are significantly better with the non-linear equation. 
This is because the line will fit the discrete increases in cumulative 
incidents much better than a straight line. A straight line fit is 
much more limited in its capabilities. 

TABLE 2 


LINEAR/NON-LINEAR 
MODELING COMPARISON 


% Improvement 
AIRCRAFT ; FACTOR R-SQUARED Non-Linear Model 
Linear Non-Linear Linear Non-Linear Over Linear Model 


ae +572 - 383 +784 -960 22.4 
UH-1H 491 2512 -902 996 10.4 
OH-6 368 417 -761 931 22.3 
see -072 -460 884 959 8.5 
TH-55 1.305 4.36 2995 .9995 68.0 


FOOTNOTES: 1/ Includes all models except UH-1H. 


2/ Includes A, B & C Models. 


B. UH-1 RESULTS. The UH-1 aircraft systems analyzed consisted of 
all UH-1 other than the "H" Model. The "H' model was analyzed on its own 
because it represents the largest number of aircraft in the UH-1 fleet. 
Class B accidents were studied for this system. Appendix B-1, page 1, 
” contains the data for the UH-1 system. It was found that a cubic equation, 
i.e., where the highest variable exponent is equal to three fit well. 


The derived equation is: 


B = -.0279(H)3+.271(H)2~.0295(H) -.751 (5.1) 
where: 

B = Cumulative Number of Clsss B Accidents 

H = Cumulative Flying Hours 


The equation (5.1) increases from the y axis up to the point where 
cumulative flying hours equal to 323,800. At this point on the curve, 
cumulative accidents are equal to 1.32. The slope of the curve is then 
equal to the number of accidents (A) divided by the number of hours (H). 


Slope = A (5.2) 
H(per 100,000) 


a yaa 
3.238 


= .407 
The second derivative of the regression equation is taken and set 
equal to zero. The resulting value of H (Hours Flown) is at the point 
where the model equation changes from an increasing to a decreasing slope. 
The following process is used: 
(1) Take the first derivative of equation 5.1 with respect to H. 


- dB. -.0837H2 + .542H + .0295 (5.1.1) 
dH 
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(2) Take the second derivative of equation 5.1.1 with respect to H. 


d2B.-.1674H+.542 (5.1.2) 
du2 


(3) Set equation 5.1.2 equal to zero and solve for the value of H. 


~.1674(H)+.542 = 0 
-542 = .1674(H) 
H = 3.238 


(4) Calculate the value of B from equation 5.1 when H equals 3.238. 


~.0279(3.238)3+.271(3.238)2+.0295(3.238)=.75 
-.9472+2.8413+.0955-.75 
1.2397 


B 


(5) Caleulete the value of the slope at the point where B equals 
1.2397 and H equals 3.238. 


Slope = 1:2397 = .383 
3.238 


Therefore, the new peacetime replacement factor for the UH-1 becomes .383. 
Figure 4.1 contains the linear plot for the UH-1. As a comparison, 
Figure 5.1 contains the plot of the UH-1 non-linear curve. The CD factor 
of .383 is shown also. 
C. UH-1H RESULTS. 

1. The UH-1H aircraft system was modeled with a cubic equation. 
Class B accidents were studied to determine a better fit than was possible 
with the linear model previously used. It was found that the following 
equation fit very well, resulting in a R-Squared value of .9995: 

B = ~.00004(H)3+.0: 81(H)2+.08376H+4.311 (5.3) 
2. The following procedure is used to calculate the CD factor: 


a. Take the first derivative of equation 5.3 with respect to H. 


oe ~.00012(H)2+0612(H)+.08376 (5.3.1) 
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o 


. Take the second derivative of equation 5.3 with respect to H. 


2B = ~.00024(H)+.0162 (5.3.2) 
dH 


c. Set equation 5.3.2 equal to zero and solve for H. 


-,00024(H)+.0162 = 0 
.0162 = .00024(H) 
H = 67.5 


d. Calctlate the value of B in equation 5.3 when H equals 67.5. 


B = -,00012(67.5)3-+.0081(67.5)2+.08376(67.5)+4.311 


34.57 


e. Calculate the slope of a straight line at the point where 


H equals 67.5 and B equals 34.57. This will become the new CD factor. 


cp = 34.57 = .512 
67.5 


The calculated value of F for the model used in equation 5.3 is 34.7. 
The table value of F at a 95% confidence level is: 

F(4,11,.95) = 3.36 
Since the calculated value of F exceeds the table value, it can be 
inferred that the regressicn model exhibits a significant level of fit 


at 95% confidence, 


Figure 5.2 contains the plot of the non-linear curve generated by 


equation 5.3 and the crash damage factor location on the curve. 
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D. OH-58 RESULTS. 
1. The OH-58 systems analyzed consisted of the "A" and "B" models. 
The Class B accident data was input to SAS with a cubic equation model. 
The R-square statistic was calculated at .959 for this aircraft. The 
derived equation from the SAS program was: 
B = ~.00013H2+.0089H2-.1028H+.2599 (5.4) 
2. Calculation of Crash Damage (CD) Factor: The point of inflection 
for equation 5.4 is calculated by setting the second derivative equal 
to zero and solving for the value of H (cumulative hours). 
a. First Derivative with respect to H: 


s = -,00039(H)2+,0178(H)-.1028 


b. Set Second Derivative equal to zero and solve: 


-.00078(H)+.0178 = 0 
.0178 = .00078(H) 
H = 22.8 Hours 


c. Calculate A when H = 22.8 hours from equation 5.3 


B = -.00013(22.8)3+.0089 (22.8)2-.1028(22.8)+.2599 
B= -1,54+4.667-2. 34+. 2599 
B= 1.05 


d. Slope = Cumulative Accidents 
Cumulative Hours (Per 100,000) 


0.46 


e. CD factor for the OH-58 equals 0.46. 
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3. Several points can be calculated with the slope factor of .46: 


Flight Hours 


(Cumulative, Per 100,000) Class B 
1.0 ~46 
1.5 69 
2.0 92 
2.5 1.15 
3.0 1.38 


4, Figure 5.3 shows the cumulative hour/accident curve, the point 
of inflection corresponding to a slope of .46 where Accidents equal 1.05 
and hours equal 280,000. Also the straight line generated by a slope 
of .46 has been plotted for the data pairs shown above. 
E. OH-6 RESULTS. 
1. The OH-6 Class B accidents and flying hours were modeled by 
the following cubic equation: 
A = ~.1218H3+.8564H2-1.1332H+.449 (5.5) 
The first and second derivatives of equation 5.5 were calculated to find 
the point of reflection. 
oA = ~,3654H2+1,712H-1,1332 


d2A = -.7308H+1.712 
di 


2. Setting the second derivative equal to zero and solving for H 
(Cumulative Hours) results in the point of reflection on the curve shown 


in Figure 5.6. 


~.7308H+1.712 = 0 
H = 2.343 
3. The value of H equal to 2.343 - sed in equation 5.6 to calculate 


the number of accidents for this flying sevel. 


~.1218(2.343)3+,856(2.343)2-1.1332(2.343)+.449 
~1.567+4.699-2.655+.449 
926 
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4. The slope of a straight line at the point on the curve where 
H=2.343 and A=.976 becomes the Crash Damage (CD) factor for the OH~6. 


cp = 2976 = .4166 
2.343 


5. Several points on the straight line with a slop equal to .4166 
were calculated as in the case of the OH-58 system. This line is plotted 
on Figure 5.4. 

6. The R-Squared statistic for the curve generated by the model 
equation (5.4) is equal to .931. This is a big improvement over the 
linear model fit of .761. The F test will determine if the curve fitted 
by the non-linear model is significant. If the calculated F statistic 
is greater than the table value with a level of significance equal to 
93 and 4 degrees of freedom. The table value equals 

F(4,9,.95) = 3.63 
“ 7. The calculated value of F from the regression model is: 


F = Sum of Squares (Regression) 
Sum of Squares (Residual) 


= 3.5885 = 13.58 
~4115 


8. Since the calculated value of F is greater than the table value, 
the regression model exhibits a significant level of fit at the 95% level 
of confidence, 

F. TH-55 RESULTS. 

1. The TH-55 model A aircraft was modeled for the occurrence 

of Class A accidents. A cubic equation was used to model this system: 


A = .0797H3-1.715H2+11.776H+5.619 (5.8) 


UBIC FIT OH-—6 CUM. CLASS B INCIDENTS 
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Figure 5.4 


2. The first and second derivative of equation 5.8 were calculated 


to find che point of inflection. 


a. First Derivative of H With Respect to A 


& = ,2391H2 ~ 3.43H+11.776 


b. Second Derivative of H With Respect to A 


d2A = .4782H - 3.43 
dH 
3. The next step is to set the second derivative of equation 
5.6 equal to zero and solve for H. 


-472H ~- 3.43 
H 


7.17 


4. The value of H equal te 7.17 is used in equation 5.8 to 


° 


calculate the number of accidents (A). 


.0797(7.17)3-1.715(7.17)2+11.776(7.17)+5.619 
29.3776 - 88.1663 + 84.4339 + 5.619 
31.264 


et 
toro ou 


Figure 5.6 displays the regression plot for the TH-55 non-linear fit. 
5. The slope of a straight line at the point where H equals 
7.17 and A equals 31.264 becomes the Peacetime Replacement Factor for 


the TH-55A. 
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6. The R-Squared statistic was also improved for the system. 
It increased from .595 to .9995. The table value of F at a 95% confidence 
level is: 
F(4,8,.95) = 3.84 
7. The calculated value of F is: 
F = 10,203.38/4.6156 = 2,210.6 
8. Since the calculated value of F far exceeds the table value, 
it can be inferred that the regression model exhibits a significant level 
of fit at 95% confidence. 
9. Figure 5.5 contains the non-linear curve fitted to 


TH-55 Class A mishaps. 
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VI. CONCLUSIONS. 

A. DATA BASE. The least squares regression analysis tool has proven 
to be a useful method for assessing Class A and B accident rates. The 
linear method is usually acceptable when there is sufficient data history 
present. The systems with a smaller occurrence of accidents do not 
generally fit this type of model well. Examples of these are the Class B 
accidents for the UH-1, OH-58, OH-6 and TH-55 aircraft. For these aircraft, 
Class B occurrences are few and far between. Several years may pass 
before one occurs. Currently, most systems in the data base have fifteen 
years of data available. This is enough data to get a pretty good idea 
of trends in accident rates. 

B. LINEAR MODEL. The General Linear Models procedure available 
with Statistical Analysis System (SAS) does a good job of describing 
accident rates for the aircraft studied. SAS provides enough statistics 
for the user to judge whether the model fit is satisfying. SAS will 
also provide a 95% confidence level for each point on the regression line. 

C. NON-LINEAR MODEL. 
1. The Non-Linear (NLIN) Procedure available with SAS provided 
a lot of flexibility for the user. It will allow the user to choose 
almost any type of hypothesized model to fit his or her data. Some models 


which may be tried are: 


a Y= axb 
b. Y= aebX 
ce. Y= bX + byxMmLy, 4b, xn- (ntl) 


2. Along with the SAS plotting procedures, the NLIN procedure 
provides a fast way to try any equation desired and see the results on 


a terminal instantly. 
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VII. CAUTIONS. None of these tools (GLM and NLIN SAS procedures) are 
meant to provide infallible answers to the user. As with any automated 
tool, the output is only as good as the input. High R-squared values 
do not tell the complete story about what is going on with a data base. 
They should be balanced with other statistical tests of significance. 
Ideally, the residuals from the regression equation should be plotted 
and analyzed. Also, the first equation that fits should not be 
immediately accepted as the best possible model. Several others should 
be tried and the results compared. Also, one should not extrapolate 
beyond the range of the data base because the results obtained may be 


unrealistic. 
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Wednesday January 18, 1989 09:42:35 am 

ALL FY88 PRAMS 

01/18/89 PAGE ::3:3 

DMS3T7 A B Cc D E FATAL DISAB DMGCOST INJCOST ‘ToOTCOST 
MHLE 0 0 0 8 43 0 0 4698 ~ 0 4698 
‘AHLF? 4 2 2 2 4 7364652 503230 7867881 
»AHIPY 0 0 0 0 1 34964 34964 
AHIS* 0 0 2 0 ) 
AH6C 2 0 0 0 0 2 ) 740900 660000 1400900 
AH6G 0 1 0 1 0 0 0 108227 0 108227 
AH64 0 8600 0 0 1 Oo 0 fr) ) 0 
AH64A 0 1 5 17 872 0 -0 436639 0 436639 
A200 0 0 0 1 0 0 0 1000 0 1000 
BE20 0 ) 0 0 1 o oO 0 0 0 
BE65" 0) a) ) 3 20 0° "0 ) 0 
CE31 "2° 9 ) 0 0 1 ‘0. Oo ) 0 ) 
CHIE S —OCSS~S 0 3.0 0 0 
.CH47C¥ rk: an ae 2 8 0 5 4458274 94830 4553104 
*CH47D 1: 4 4 4 0 0 6368683 2460945 8829628 
CH54A 5 0 0 0 1 0 0 0 
‘CH54BP 0 0 1 0 0 ‘0 0 
“CleCe 0 0. i 1453 0 0 119822 0 119822 
fcizp= 0 0 0 4:24 #O 0 1546 0 1546 
clare 0 0 oO 2 °6: 0 0 2100 0 2100 
#C12G« 0 0 0 ) 3 0 0 . 0 0 i) 
“cl2b% oo 0 0 3 QO) 0e% Cs 1Oe 0 Oo” 
C20E  . oO. OO Oo °3 O ata oe Ae nS 0 
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MH6H 1 0 0 0 0 0 0 978000 0 978000 
“OHSSAx SO 27° 2807~—COS BS LO4FE0E 1257000 2361606 
OH58C_ 1 0 2 22 265 0 2 521115 0 521115 
OH58D: 0 0 0 4 37 0 0 8375 0 8375 
OOHOAS OO 4 3 2162433090 219333 
“OVv1C» 0 0 0 ft) 1 @ e 0 0 0 
‘ovip 3 0 Oo 1 14 ~277 @ e 58496 0 58496 
PA31 < ee eee) 0 i - 6 0) 0 ae © a 
RVD 0 1 0 2 40 e e 161009 Q 161009 
SD330 0 0) 0 1 4 0 0 5845 0 5845 
TH55A 2 0 0 1 1 0 0 0 34907 "0 34907 
734 0 0 9 i) 1 0 Q aia: ae 0 
T42A> 1 0 0 see Reet O.. 104093 9 104093 
UH1 34) 0 0 1 0 0 0 0 51000 0 51000 
UHH 9 0 8 85 879 4 35 8508690 1519780 10028470 
UHIM 6 0 0 5 38 0 0” -1i062-——S—SS 11062 
UH1V 1 .0 1 10 = 67 0 4 987479 17160 1004639 
HOOF tinct tal inte cse ea 09. 5 DOS 17 9 22307841 2349415 24657256 
UV18A 0 0 0 2 0 0 0 6900 0 6900 
UV20A 0 0 0 “0 14, 0 0 0 0 0 
U21+4 0 0 0 tt) a 0 0 0 0 0 
U21A ¥ 0 0 2 3. 62 tt) ) 111153 ff) 111153 
I9IR n n n n 1 n n a oS . < e - 


Page: 2 
Wednesday January 18, 1989 09:42:35 am 
LU21F 5 0 4) 0) 1 6 0 1 0 340 340 
U21G ~ 0 0 1 0 y} O° .0. 106346 ) 106346 
U21H-7 0 a) 0 1 35 0 ) 128 0 128 
U3A 9) 0 0 RR Ra © ao aa ra yeaa 
U8F 0 0 ) 0 16 ) 0 ) 0 0 
OTHER 0 0 ) 0 0 ) ) fr) 0 ) 
TOTAL 32. 14 40 485 4203 43 77 55220837 8865790 64086627 
COUNT OF AIRCRAFT 4,776 
COUNT OF ACCIDENTS 4,774 . : 

[A (| 2oae 

ALL FY88 FLIGHT HOURS 
ea 881 882 883 884 7} OTHER ‘TOTAL 0 
SAHLE 2692 2616 3363 ° 2758 0 0 0 11429 iP 
TAHIF 18668 14499 18804 18190 0 0 0 70161 
‘AH1G -0 "0 0 0 0 0 0 o \s 
SAH1P 4267 3587 4792 3830 0 0 0 16476 ae 
‘AH1S" 8144 8749 9189 10422 0 0 0 36504 
AHOC 6897 B93 0 6 0 - 2465, 
AH6F 539 111 42 0 0 0 ) 692 
AH6G 1122 1217 1076 950 ) 0 ) 4364 
AH64A 11262 11048 15837 19034 0 0 0 57181 
A31T 0 0-. O 0 ) 0 ) 0 
A90 4) 12 129 205 0 fy) 0 345 
BE65 313 282 453 448 0 0 . 0 1496 
BE80 2 13 38 14 4) ) ) 67 
BEO 40 40 65 60 0 0 a. &O 205 . 
CE31 301 ° 280 442 400 4) 0 ) 1423 
CE40B 74 109 160 94 0 ) ) 377 ‘ 
CH47A 0 0 0 0 0 0 0 o 1’ 
CH47B 884 606 188 ) 0 0 4) 1678 fh 
CH47¢C 6751 5139 6835 5483 0 0 0 24208 \\ 
CH47D 9846 6667 8772 10160 0 0 o 35445 0 
CH54A 1152 983 1911 1662. ..—SO«~O0 0 }@©=~—CSOtsS~S~Ssé=<—HFIB 06 
CH54B "558 577 964 879 _0 0 Lt) 2978 0YU 
C12Cy 11351 9104 11276 9571 0 0° 0 41302 2) 
C12D. 4529 3650 4470 3809 0 0 0 16458 pan 
Cl2F° 2239 2523. 2848 3051 o 0 0 106617) 
C12L 417 500 517 435 ) 0 0 1869 
C205 > Qe Oo Qe IG 0 0 219 
C6A 13 97 131 140 0 0 0 381 
C680 167 91 180 101 0 0 0 539 
C7A 619 800 753 729 0 ) 0 2901 
D330 620 510 383 376 0 0 0 1889 
EH1H 747 828 807. 595 0 0 0 2977 
EH1X 111 104 276 154 0 0 0 645 
EH6E ) 0 0 0 0 0 0 0 
EH60A 415 447 919 1064 ) 0 ) 2845 
EHSOB 0 o 0 6 0 0 oO. 0 
F10B 0 0 0 0 0 ) 0" 0 
F86E? 0 2 8 ) ) ) 0 10 
3159 117 58 166 109 4) 0 0 450 
MH6B 751 464 686 794 0 ) 0 2695 
MH6E 826 529 300 81 0 0 0 1736 
MH6H 531 456 698 636 0 0 0 2321 ay 
DH58A ; 38722 33303 49391 46043 0 0 0 167459 pf 4{e 
DH58C , 28441 21589 29517 31179 28 0 0 O 110726 O41 
DH58D 4392 3522 5209 5476 0 0 0 18599 . 
sHEA 66356294 8624 10087 6 0316407 2/640 
WB « 0 0 oO. 0 0 7) EH nN. a 
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O2A 47 36 32 65 0 0 0 180 

RA3B 0 0 101 TT ee 0 0 0 112 

RC12D 1566 1919 1758 1876 0 ) 0 7119 

RC12G 683 723 720 778 0 0 0 2904 

ARVLD, 1115-1237 1128 1256 0 0 0 4736 142C 
THIG.. OF Oe Oe Or 

VTHSSA 2 "33963 S235 ~SCSCa GA 0 0 0 57842 576%: 
my) ap gs ge ay —o = 0: >. 0 0 0 

T41B 127 71 87 75 0 0 0 360 _. 

TEA ZAy 1368 1103 1154 1348 0 0 0 4973, 4972 
)UHIB 0 0 9 0 0 0 0 

\UHLD. 0 ) 0 ) 0 0 0 0 Teakle 
UHH. 161940 129100 173193 169936 0 0 0 634169 

“UHIM 4245 3498 4919 4285 0 0 0 16947 py yuyo 
"UHV. 11245 «9928 ~=13460 ~—-15060 0 0 0 49693 ?"} 
‘UH6O, 0 0 0 0 0 0 0 0 5 
UH6OA , 44607 37900 46266 48332 0 0 0 177105 S176 
UH6IA SO ey Oe Oe ee Re ree gs eT 07 0 

UV18A 436 402 569 511 0 0 o 1918 

UV20A 142 65 143 149 0 0 0 499 

U21A+, 9465 8663 10002 ~- 9488 0 0 0 37618 

U21B 124 170 140 183 0 0 0 617 

U21C, 130 170 - 179 122 0 0 0 601 4 
U21D, 149 212 426 278 0 0 0 1065 76g) 
U21F 571 616 = G14 558 . 0 - 0 0 2359 | 
U21G 1096 920 890 1027 0 0 0 3933 

21H 3223 3247-2. 29973: 53237 ) 0 -0 129809 ' 
U3A 132 140 89 0 SQ Pg Oe er 

U3B 127 116 142 184 ) ) 0 569 

U8F 2484 2252 2828 3378 ) ) 0 10942 

OTHER 0 ) 0 0 0 0 0 ) 

TOTAL 443034 367857 474328 456778 0 0 0 1741997 


COUNT OF FLT HOUR RECORDS 3,536 
END OF THIS QUERY - DO YOU WISH A PRINTED REPORT? (Y)ES (N)O 
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TOF : 


*e SAG PROGRAM TO FIT A CUBIC EQUATION TO CLASS B INCIDENTS #/ 
fe FOR THE UH~1 AIRCRAFT. 1989 LINEAR FIT WAS ONLY .7E3T a, 


DATA UHIREG; 
INPUT YEAR CHOURS HOURS AINC BINC; 
“®  CHOLIRS=CUM FLIGHT HOURS (X10000);#/ 
fs INT = CUM CLASS A INCIDENTS; #/ 
4e BING = CUM CLASS EB INCIDENTS < 
CARDS; 
{S77 1.28 1.28 4 © 
1978 2.00 .72 
{S79 2.45 .45 
1980 2.83 .3e 
1981 3.15 .32 
1982 3.54 136 
1983 3.646 .25 
"SE. 4,45 162 
1FE5 5.13 .45 4114 
19846 5.82 .49 14 
19S? 6.42 140 20 
1988 7.03 .44 23 
1987 7.67 .66 24 


NINO ao 


af Woh > 


OW DW i Ot 


MORE... 


PROC NLIN; 
FARMS BO=Oo EY=0 BR=O@ EBS=t; 
MODEL BINC=BOsCHOLURS2#23—B1 sCHOURSS22+B22CHOURS-—BS ; 
DER. BO=CHOURS#2 ; 
. DER. B1=-CHOURSeS2 ; ° 
DER. BE=CHOWIFS ; 
DER.B3=—1 ; 
QUTFLT GUT = B P = PREDE R=YRESID ; 
SOPTIONS DEVICE=TEK4014 VPOE 126; 
TITLE1 'UH-1 CLASS B C41977-19EF3 CUBIC EQUATION FIT'; 
SYMBOQL1 V=E ; 
SYMBOL2 V=DIAMOND .25 CM I=SPLINE; 
PROC GPLOT; 
TT. CbLEIC FIT UH-1 PRED. CLASS E INCIDENTS; 
PLOT PREDE * CHOURS = 2 
BING # CHOURS = 1/0VERLAY; 
LABEL PREDE = 'CUM. CLASS EB MISHAPS'; 
LABEL HOURS = 'CUM. FLYING HOURS' ; 
LEGEND; 
FROC PRINT UNIFORM; 
VAR HOURS CHOURS BINC PREDB ; 


MORE... 
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TOF : 
2 CHOURS=CUM FLIGHT HCURS (X10000% ; #/ 
“sn AINE 


= CUM CLASS & INCIDENTS; #/ 
oe BING = CUM CLASS B INCIDENTS; #/ 
DATA UH1H; 
INPUT ‘YEAR: CHOURS AINC BINC; 
CARDS ; 


1774 6.42 12 3 
1975 13.0 32 8 
1974 19.8 55 10 
177" 27.0 66 13 
1978 34.0 GE 14 
197? 41.0 95 19 
1780 46.7 110 19 
1981 56.1 124 23 
198% 62.8 141 32 
1982 69.7 148 37 
1984 75.9 162 39 
{725 Sa.1 172 44 
1964 6.46 161 47 
1987 95.9 188 42 


{vee = 3B 1ST 49 
MORE... 
“VLE UH-1H CUM ACTUAL & PREDICTED CLASS B INCIDENTS 1974-1937; 
ie BAS PROGRAM TO FIT A CUBIC EQUATION TO CLASS B INCIDEt S 
FOR THE UH-1H AIRCRAFT. 1989 LINEAR FIT WAS FOOR. »/f 


” . 
PROC NLIN; 
FARMS EG=@ EB1=O6 Bo=@ BR=0; 
MODEL BINC=BO#CHOURS#*3—-E1 =CHOURS**2+B2*CHOURS—ES; 
DER. BO=CHOURS##3 ; 
DER. EN =-CHOURS#=2 ; 
* TER. B2=CHOURS ; 
DER. BS=—4 ; 
QUTFUT OUT = BF = PRAD= ==-;RESID ; 
GOPTIONS DEVICE=TEK4014 VPOS 120; 
TITLE1 'UH-1H CLASS EB 61977-1989) CUBIC EQUATION FIT'; 
SYMBOL’ V=B ; 
SYMBOL2 V=DIAMOND .25 CM I=SPLINE; 
PROC GPLOT; , 
TITLE CUBIC FIT UH-1H CUM. CLASS EB INCIDENTS; 
PLOT PREDB x CHOURS = 2 
BINC * CHOURS = 1/0VERLAY; 
LABEL PREDE = 'CUM. CLASS B MISHAPS’; 
~ 8. lel t = ‘Cur. FLYING HGURS'; 


MORE... 


PROC PRINT UNIFORM; 
VAR CHOURS EINC PREDE ; 
EOF : 
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%/ 


MORE... 


CHOURS=CUM FLIGHT HOURS (100003 ;*/ 
“e AING = CUM CLASS 4 INCIDENTS; =/ 
ox BING = CUM CLASS B INCIDENTS; #/ 
DATA OHSS; 

INFUT CHOURS GIN BINC; 

CARDS ; 
32.13 7 © 
6.34 15 
Fun? 27 
12.3 SA 
15.2 46 
16.1 5¢ 
20.9 S14 
24.0 74 
Fe. em 
27.4 96 
32.3 105 


33.9 117 


No=3-290900 


p 
a ca 


» TITLE OH-Sé Cue ACTUAL & PREDICTED CLASS EB INCIDENTS 1974-1987; 


oe: SAS PROGRAM TO FIT & CUBIC EQUATION To CLASS B INCIDENTS 

; MORE... 
1% FOR THE OH-SS AIRCRAFT. 1967 LINEAR FIT WAS POOR. Bf 
PROC NLIN; 


FARMS BO=O B1i=0 Ba=@ B2=0; 
MODEL BINC=BO=CHOLIRS#23-B1 =CHOURS##2+B2*CHOURS—E3 ; 
DER. BO=CHOURS# #3 ; 
DER. Bt =-CHOURS# 82 ; 
DER. B2=CHOURS ; 
DER .B3=—1 ; 
OUTFUT OUT = E F = PREDB R=YRESID ; 
GOPTIOMS DEVICE=TEK 4014 VPOS 120; 
TITLE1 'OH-Sé& CLASS B CUBIC EGUATIGN FIT'; 
SYMBOL1 V=B ; 
SYMBOL2 V=DIAMOND .25 CM I=SFLINE; 
PROC GPLOT; 
TITLE CUBIC FIT GH-5S CUM. CLASS B INCIDENTS; 
PLOT PREDE * CHOURS = 2 
BINC ® CHOURS = 1/0VERLAY; 
LABEL PREDB = 'CUM. CLASS B MISHAPS' ; 
LABEL CHOURS = 'CUM. FLYING HOURS'; 
)-EGEND ; 
PROC PRINT UNIFORM: 
VAR CHOURS BINC PREDE ; 


t 


MORE... 
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TOF : 
x CHOURS=CUM FLIGHT HOURS ¢¥4 0000) ;#/ 
oe AINC CUM CLASS A INCIDENTS; #/ 
Pk BING CUM CLASS B INCIDENTS; ®/ 
DATA GH4; 
INFUT CHOURS AINC BINC; 
CARDS; 
.302 4 ¢ 
2636 5 
~Fen 5S 
1.32 6 
& 
8 


1.41 

1.74 

2.27 F 
2.63 16 
2.98 14 
2.25 44 
3.50 12 
3.75 12 
4.06 123 


ORO ORO ORO! 


—_ = > Uh oe 


TITLE CH-4& CUM ACTUAL & FREDICTED CLASS E INCIDENTS 1974-1987; 


MORE... 
os SAS PROGRAM TO FI - = . 2hun7TIch: To CLASS B INCIDENTS 
= FITS THE GH-6 AIRCRAFT. 1785 LINEAR FIT WAS POOR. HY 


PROC NLIN; 
PARMS BO=0 BI=0 B2=0 BS=G; 


MODEL BINCSBO=CHOURS#2#3—-B1 RCHOURS**#2+BbeeCHOURS-B2 ; 


DER. BO=CHOURS##3 ; 
DER. B1=-CHOURS 22 ; 
DER. B2=CHOURS ; 
DER. B2=—1 ; 
QUTPLUT OUT = B P = PREDB R=YRESID ; 
GOPTIONS DEVICE=TEK4014 VPOS 120; 


TITLE 'GH-6 CLASS E CUBIC EQUATION FIT'; 


SYMBOL1 V=B ; 
SYMBOL2 V=DIAMOND .25 Cr I=SPLINE; 
PROC GPLOT; 


TITLE CUBIC FIT GH-é CUM. CLASS B INCIDENTS; 


PLOT PREDB * CHOURS = 2 
BING # CHOURS = 1/OVERLAY; 
LABEL PREDB = ‘CUM. CLASS B MISHAPS’ ; 
LABEL CHOURS = 'CUM. FLYING HOURS'; 
LEGEND; 
PROC PRINT UNIFORM; 


VAR CHOURS BINC PREDEB ; 
EGF: 
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MORE... 


“%  CHOURS=CUM FLIGHT HOURS (% 100,000) ;*/ 
e®  @INC = CUM CLASS & INCIDENTS; */ 
“# BING = CUM CLASS B INCIDENTS; #/ 
DaTa THSSA; 
INFUT CHOURS AINC BINC; 
CARDS; 
1.15 17 0 
1.94 23 © 
Z.77 Zé © 
2.4% 30 9 
3.96 24 © 
4.64 31 © 
S.65 21 9 
3.44 34 0 
7.67 31 0 
3.65 31 © 
2.57 32 6 
10.6 32 © 


TITLE TH-S5 CUM ACTUAL & PREDICTED CLASS B iNCIDENTS 1974-1987; 


oe SAS PROGRAM TO FIT A CUBIC EQUATION TO CLASS A INCIDENTS #/ 
MORE... 
“Ss FOR THE TH-SS AIRCRAFT. 1965 LINEAR FIT WAS POOR. / 


"ROC NLIN; 
») PARMS BO=O Bi=G Boe=@ Bast; 
MODEL AINC=BO=CHOURS#*3—-B1 #CHOURS#*#2+B2*2CHOURS—BS ; 
DER. BO=CHOURS#23 ;- 
DER. B1=-CHOURS#22 ; 
DER. B2=CHOUR'S ; 
DER. B3=—1 ; 
QUTFUT OUT = BF = PREDA R=YRESID ; 
SOPTIONS DEVICE=TEK4014 VPOE 120; 
TITLE’ 'TH-S5 CLASS A&A CUSIC EQUATION FIT'; 
SYMBGL1 V=B ; 
SYMBOL] V=DIAMOND .25 CM I=SPLINE; 
=ROD GPLOT; - 
TITLE CUBIC FIT TH-SS CUM. CLASS A INCIDENTS; 
PLOT PREDA * CHOURS = 2 
AINC * CHOURS = 1/OQVERLAY; 
LABEL PREDA = 'CUM. CLASS A MISHAPS' ; 
LABEL CHOURS = ‘CUM. FLYING HOURS' ; 
LEGEND; 
FROC PRINT UNIFORM; 
VAR CHOURS AINC PREDA ; 


MORE... 


c 
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